A new Lindqvist polyoxometalate-based hybrid compound with a helical chain structure, [Cu(bipy) 2 ][W 6 O 19 ] (1), (bipy = 2, 2 -bipyridine), has been hydrothermally synthesized and characterized by elemental analysis, infrared spectroscopy, thermogravimetry, and single-crystal X-ray diffraction. The compound crystallizes in the space group C2/c of the monoclinic system. In 1, the [W 6 O 19 ] 2− anions are connected alternately with [Cu(bipy) 2 ] 2+ subunits to form a meso-helical chain. To our knowledge, this structure represents the first example of a helical chain structure consisting of the hexatungstate anion [W 6 O 19 ] 2− . The electrochemical properties of the title compound have been studied.
Introduction
Over the past decade, the rapid progress of exploring organic-inorganic hybrid materials is driven by the interest in their intriguing variety of architectures and their potential applications in biochemistry, catalysis, molecular absorption, and as electron-conductive, optical, and magnetic materials [1 -5] . Among the large amount of reported work, the rational synthesis of organic-inorganic hybrid compounds containing helical arrays is currently of particular interest [6 -8] . Helical structures are ubiquitous in nature and an essence of life, so helical structures have received much attention in coordination and materials chemistry. Many chemists have put great efforts on the rational design and synthesis of artificial helical compounds which also show significance in multidisciplinary areas such as biology, optical devices, and asymmetric catalysis [9 -11] .
Polyoxometalates (POMs) [12 -15] , as one kind of significant metal oxide clusters with a variety of topologies and great potential in the above applications [16 -19] , have recently been employed as functional secondary building blocks (SBUs) for constructing inorganic-organic hybrids with various metalorganic coordination fragments. The helical compounds based on POMs have attracted more and more attention due to their attractive structural features and potential applications. Many helical compounds based on POMs as connectors have been successfully synthesized, including Keggin POMs [20 -22] , polyvanadates [23 -27] , Anderson-type POMs [28 -30] , isopolymolybdates [31 -35] , and others [36 -39] (1), (bipy = 2, 2 -bipyridine). Compound 1 is the first meso-helical chain structure based on Lindqvist POMs.
Experimental

Materials and methods
All reagents were purchased and used without further purification. Elemental analyses of C, H and N were performed on a Perkin-Elmer 2400 CHN Elemental Analyzer, and that of W and Cu on a Leaman inductively coupled plasma (ICP) spectrometer. IR spectra were recorded on KBr pellets with a Nicolet 170SX FT-IR spectrophotometer in the range 400 -4000 cm −1 . The thermogravimetric (TG) analysis was performed with a Perkin-Elmer TGA7 instrument in an atmosphere of nitrogen at a heating rate of 10 • C min −1 . A CHI660 electrochemical workstation was used for control of the electrochemical measurements and data collection. A conventional three-electrode system was used, with a carbon paste electrode (CPE) as a working electrode, commercial Ag/AgCl as reference electrode and a twisted platinum wire as counter electrode.
Synthesis of [Cu(bipy) 2 ][W 6 O 19 ]
Na 2 WO 4 ·2H 2 O (0.26 g, 0.8 mmol), Cu(NO 3 ) 2 ·3H 2 O (0.10 g, 0.4 mmol), bipy (0.08 g, 0.5 mmol), and methanol (2 mL) were dissolved in 12 mL distilled water and stirred at room temperature for 30 min. The pH was adjusted to 1.7 with 1 M oxalic acid, and then the mixture was transferred to an 18 mL Teflon-lined reactor and kept under autogeneous pressure at 160 • C for 5 d. After the reactor was slowly cooled to room temperature over a period of 10 • C/h, green block-shaped crystals of 1 were obtained. The crystals were picked out, washed with distilled water, and dried at room temperature (31 % yield based on W). Anal. for C 20 
X-Ray crystallography
Crystallographic data for 1 were measured on a Rigaku R-AXIS RAPID IP diffractometer with monochromatic Mo K α radiation (λ = 0.71073Å) at 293 K. The structure of 1 was solved by Direct Methods and refined by full-matrix leastsquares on F 2 using the SHELXTL crystallographic software package [40, 41] . The organic hydrogen atoms were generated geometrically. During the refinement, the restraint command 'ISOR' was used to refine the atoms C4, O3 and O4 with ADP or NPD problems. The refinement was based altogether on 18 restraints. The crystal and structure refinement data of 1 are summarized in Table 1. CCDC 916644 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
Results and Discussion
Description of the structure
Single-crystal X-ray diffraction analysis has revealed that 1 is constructed from [W 6 O 19 ] 2− anions, Cu 2+ cations and bipy ligands, as shown in Fig. 1 . The W atoms are in the oxidation state +VI and the Cu atoms in the oxidation state +II, confirmed by BVS calculations [42] , coordination environments and the green crystal color. [43] .
There is one crystallographically independent Cu ion in 1 exhibiting an octahedral coordination geometry with four nitrogen atoms from two bipy ligands and two oxygen atoms from two [W 6 left). To our knowledge, such a meso-helical structure was rarely shown for POM systems [32, 47 -49] . Furthermore, there are hydrogen bonding interactions [C1-H1A···O1: 2.936Å; C5-H5A···O1: 2.878Å; C5-H5A···O5: 2.764Å; C7-H5A···O7: 2.814Å; C10-H10A···O7: 2.598Å] between the oxygen atoms of the [W 6 O 19 ] 2− clusters and the hydrogen atoms of the bipy molecules, forming a 3D supramolecular framework (Fig. 2, right) .
IR spectrum
As shown in Fig. 3 
Thermal analysis
The TG experiment was performed under a N 2 atmosphere with a heating rate of 10 • C min −1 in the temperature range of 25 -600 • C (Fig. 4) . No weight Fig. 3 . The IR spectrum of 1.
loss was observed below 312 • C, which demonstrates that the title compound possesses good thermal stability. In range of 312 -522 • C, a weight loss of 17.5 % (calcd. 17.5 %) is observed, which is consistent with the loss of bipy molecules.
Voltammetric behavior of 1-CPE in aqueous electrolyte
Compound 1 is insoluble in water and common organic solvents. Thus, a bulk-modified carbon paste electrode (CPE) can be used to study the electrochemical properties. The cyclic voltammetric behavior of 1-CPE in 1 M H 2 SO 4 solution at different scan rates was recorded. As shown in Fig. 5a , in the potential range of − 0.5 to 0.6 V, there exists one pair of reversible redox peaks with half-wave potentials E 1/2 = (E pa + E pc )/2 at − 0.116 V (II-II ), corresponding to the one-electron reductive process of W VI in 1. In addition, there is one irreversible anodic peak (I) at + 0.23 V, which is assigned to a Cu(II)/Cu(I) redox process [51] . When the scan rates are varied from 20 to 120 mV · s −1 , the peak potentials change gradually: the cathodic peak potentials shift toward the negative direction and the corresponding anodic peak potentials to the positive direction with increasing scan rates. The peak currents are proportional to the scan rate as shown in Fig. 5b , which indicates that the redox processes are surface-controlled, and the exchange rate of electrons is fast. 
Conclusions
